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Skin cancer is a growing problem nationally with more than 1 
million persons diagnosed each year (1). One in three Americans 
will develop skin cancer during their lifetime (2). Excessive sun 
exposure has been associated with the development of most types 
of skin cancers (3,4). Childhood is a critical period for sun protec-
tion because as much as 80% of total lifetime sun exposure occurs 
during childhood (5,6), and many skin cancers are associated  
with childhood sun exposure to a greater extent than lifetime sun 
exposure (7–9).

Increasing the proportion of children who follow sun protective 
measures is a goal of Healthy People 2010 (10). Unfortunately, sun 
protection methods are infrequently used for children and, when 
used, consist primarily of applying sunscreen rather than wearing 
hats or protective clothing (11–15). Although the use of sunscreen 
may delay sunburn, it may also lead to an increase in overall sun 
exposure. Most sun protection campaigns to date have emphasized 
the use of sunscreens as a method of protecting the skin from the 
sun and have had less impact on other sun protective behaviors 

(16–18). The US Preventive Services Taskforce concluded that the 
current evidence is insufficient to recommend routine skin cancer 
screening or counseling in clinical settings (19,20). However, on 
the basis of finding sufficient evidence of effectiveness, the Guide 
to Community Preventive Services recommends interventions in 
primary schools to improve sun protection behaviors (21–23).

Sun Protection of Florida’s Children project was a school-based 
sun protection intervention that was less focused on the use of 
sunscreen but, instead, emphasized the use of hats when children 
were outdoors. The idea of incorporating hat use, specifically 
wide-brimmed hats, as a component of the intervention was 
inspired by studies aimed at primary school students in Australia 
(24–26). Although the sun protection intervention was compre-
hensive in scope, a focus on hats was justified for several reasons. 
The head and neck region receives the most extensive sun expo-
sure and is one of the most common areas to develop skin cancer 
(27–29). Hats are an effective way of reducing sun exposure to 
these areas and may prevent associated skin cancers (30). 

Article

Sun Protection at Elementary Schools: A Cluster  
Randomized Trial
Seft Hunter, Kymia Love-Jackson, Rania Abdulla, Weiwei Zhu, Ji-Hyun Lee, Kristen J. Wells, Richard Roetzheim

Manuscript received June 29, 2009; revised December 28, 2009; accepted January 12, 2010.

Correspondence to: Richard Roetzheim, MD, MSPH, Department of Family Medicine, University of South Florida, 12901 Bruce B. Downs Blvd, MDC 13, 
Tampa, FL 33612 (e-mail: rroetzhe@health.usf.edu).

	Background	 Elementary schools represent both a source of childhood sun exposure and a setting for educational 
interventions.

	 Methods	 Sun Protection of Florida’s Children was a cluster randomized trial promoting hat use at (primary outcome) and 
outside of schools among fourth-grade students during August 8, 2006, through May 22, 2007. Twenty-two 
schools were randomly assigned to the intervention (1115 students) or control group (1376 students). Intervention 
schools received classroom sessions targeting sun protection attitudes and social norms. Each student at-
tending an intervention school received two free wide-brimmed hats. Hat use at school was measured by direct 
observation and hat use outside of school was measured by self-report. A subgroup of 378 students (178 in the 
intervention group and 200 in the control group) underwent serial measurements of skin pigmentation to 
explore potential physiological effects of the intervention. Generalized linear mixed models were used to 
evaluate the intervention effect by accounting for the cluster randomized trial design. All P values were 
two-sided and were claimed as statistically significant at a level of .05.

	 Results	 The percentage of students observed wearing hats at control schools remained essentially unchanged during 
the school year (baseline = 2%, fall = 0%, and spring = 1%) but increased statistically significantly at intervention 
schools (baseline = 2%, fall = 30%, and spring = 41%) (P < .001 for intervention effect comparing the change in 
rate of hat use over time at intervention vs control schools). Self-reported use of hats outside of school did 
not change statistically significantly during the study (control: baseline = 14%, fall = 14%, and spring = 11%; 
intervention: baseline = 24%, fall = 24%, and spring = 23%) nor did measures of skin pigmentation.

	Conclusions	 The intervention increased use of hats among fourth-grade students at school but had no effect on self-reported 
wide-brimmed hat use outside of school or on measures of skin pigmentation.

	�	  J Natl Cancer Inst 2010;102:484–492



jnci.oxfordjournals.org  	 JNCI | Articles 485

Community-based surveys, however, show that children rarely 
wear hats when outdoors, parents do not consider hat use an 
important sun protection method, and physicians rarely counsel 
parents to encourage their children to wear hats in the sun (31–33). 
We also designed the intervention to be implemented over the 
entire school year because interventions that are more frequent 
and of longer duration have been more successful than single-
session studies (24,34–37).

In this article, we describe the Sun Protection of Florida’s 
Children project in more detail and report outcomes through the 
first year of follow-up. We hypothesized that the intervention 
would increase the use of hats among targeted children at school 
(primary outcome) and at times other than school (secondary out-
come) when compared with children in control schools who did 
not receive the intervention.

Participants and Methods
The Sun Protection of Florida’s Children project (ClinicalTrials 
.gov number, NCT 00346021) is a cluster randomized trial, in 
which participating schools were randomly assigned to either con-
trol or intervention status (Figure 1). Block randomization was 
used by the project’s biostatistician to ensure the number of 
schools assigned to each intervention group was balanced; how-
ever, there was no matching or stratification of schools. Participating 
schools were chosen from Hillsborough County, Florida, which 
includes Tampa and its surrounding suburbs, as well as largely 
rural areas in the southern and eastern areas of the county. All 140 
kindergartens through grade 5 schools in the School District of 
Hillsborough County were eligible to participate.

On the basis of sample size requirements of the study, 20 
schools were needed to assess a 10% absolute difference in hat use 
among intervention and control schools with 80% power. We 
enrolled 24 schools, however, to allow for possible attrition. We 
extended an invitation to all 140 schools to participate and closed 
accrual after 24 schools agreed to participate (all of which met 
study eligibility criteria). Of the 140 schools invited, 42 schools 
declined to enroll through fax or phone communication. For 
each school, we determined the overall enrollment of fourth-
grade students and the school uniform policy (required, voluntary, 
or none) from school officials. We also examined socioeconomic 
characteristics of the school’s surrounding neighborhood by use 
of census-derived data (urban vs nonurban, median household 
income, and percentage of population with less than high school 
education).

Two schools (one in the intervention group and one in the 
control group) withdrew from the study after consenting but 
before any data were collected or intervention activities took place. 
The control school withdrew because of a change in leadership, 
and the intervention school withdrew because it determined that it 
could not comply with all study requirements. A third school with-
drew from the intervention arm after baseline data were collected 
but before receiving the intervention. Missing data because of the 
withdrawal of schools were ignored in the analysis; missing data 
were not imputed. The number of students who received the allo-
cated assignment was 1115 for the intervention schools and 1376 
for the control schools.

CONTEXT AND CAVEATS

Prior knowledge
As much as 80% of total lifetime sun exposure occurs during child-
hood, and many skin cancers are associated with childhood sun 
exposure to a greater extent than lifetime sun exposure.

Study design
A cluster randomized trial of the promotion of hat use at (primary 
outcome) and outside of schools among fourth-grade students in 
Florida. Schools were randomly assigned to use wide-brimmed 
hats at school or not. Hat use at school was measured by direct 
observation, and hat use at home study was measured by self-
report.

Contribution
At control schools, the percentage of students observed wearing 
hats essentially did not change during the school year. At interven-
tion schools, the percentage of students observed wearing hats 
increased statistically significantly during the same time. In con-
trast, self-reported use of hats outside of school did not change 
during the school year.

Implications
Hat use appears to increase when students are the target of the 
intervention. Additional studies aimed at increasing hat use might 
also target entire schools, teachers, and parents.

Limitations
The intervention targeted fourth-grade students in Florida elemen-
tary schools and, therefore, might not be successful in other set-
tings. Self-reported hat use outside of school was not independently 
verified.

From the Editors
 

This study was approved by the University of South Florida 
Institutional Review Board. Activity involving human participants 
did not commence until after approval from the Institutional 
Review Board. Written informed assent was obtained from each 
student before the start of the intervention.

Inclusion Criteria
To be eligible for the study, schools were required to meet the 
following eligibility criteria: 1) the school had at least one fourth-
grade class (with a minimum of 20 students per class), 2) the prin-
cipal and all fourth-grade teachers agreed to participate, 3) the 
school provided a minimum amount of outdoor student activities 
defined as at least one outdoor session (physical education, recess, 
and/or lunch) lasting at least 20 minutes and occurring a minimum 
of three times per week, 4) outdoor activities occurred in an area 
that was exposed to sunlight and could be observed by data moni-
tors, 5) schools had the ability to accommodate the major interven-
tion components, 6) school environment was expected to be stable 
over the intervention time period (ie, no anticipated changes in 
leadership or student population served), and 7) if randomly 
assigned to the control group, schools were willing to delay other 
sun protection initiatives until the project was completed. It is also 
important to note that all schools allowed children to wear hats 
while outdoors at school; this behavior was not specifically prohib-
ited or restricted at any school.
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The intervention was based on the Theories of “Reasoned 
Action” (38) and “Planned Behavior” (39). In brief, the Theory of 
Reasoned Action posits that intentions to engage in healthy behav-
iors directly predict actual behaviors and are in part influenced by 
individual attitudes and the attitudes of peers regarding the behav-
ior (subjective norms). The Theory of Planned Behavior extends 
this theoretical model further by theorizing that perceptions of 
behavioral control influence behaviors directly, and also indirectly, 
by affecting intentions (40). Perceived behavioral control is a per-
son’s perception of his or her ability to enact a healthy behavior.

The intervention was therefore structured to accomplish several 
goals. First, the intervention sessions were designed to increase sun 
protection knowledge of participating children and foster more 
positive attitudes in regard to wearing hats. In addition, the interven-
tion was designed to change the subjective norm of wearing hats at 
school by instilling the belief that peers would also have positive 
attitudes regarding hats and would be wearing hats when outside. 
The intervention lasted 23 months from August 2006 to June 2008.

To accomplish these goals, the intervention included the fol-
lowing components that occurred over the school year: 1) 
Introductory meetings with principals, teachers, and physical edu-
cation instructors were conducted to explain the project and obtain 

their informed consent. 2) A package of materials was sent to par-
ents at the start of the school year that explained the project and 
obtained consent to participate. 3) An initial introductory session 
with students was conducted to explain the project and obtain as-
sent to participate. 4) A 45-minute comprehensive sun protection 
educational session for fourth-grade students was carried out in 
classrooms by a community health education organization 
(MOREHEALTH). 5) Three 60-minute follow-up sessions 
addressed the benefits of sun protection (with emphasis on hat 
use), promoted favorable attitudes about sun protection, and made 
clear that fourth-grade students were both allowed to wear hats at 
school and should be wearing hats while outside at school. 6) Each 
participating child was provided two free wide-brimmed hats (one 
to use at school and one to use at home). 7) Three brief follow-up 
sessions were scheduled (one that addressed logistic issues, such as 
where hats would be stored, how they would be identified for each 
student, and how they would be distributed before outdoor activ-
ities; one that addressed any problems that classes were having; and 
one that was reserved for hat collection at the end of the school 
year). At the end of the school year, hats were cleaned and stored 
over the summer and were to be redistributed to the same students 
at the start of their fifth-grade school year.

Figure 1. Comparison of intervention and control 
schools in the Sun Protection of Florida’s 
Children project.
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At control schools, similar introductory meetings were held 
with principals, teachers, and students to explain the project and to 
obtain informed consent of parents and assent of children. Students 
at control schools received three to five 60-minute educational 
sessions on topics in science unrelated to sun protection. The topic 
of the lessons included learning about the sun as a star, the nature 
of light and heat, and the reflectance and absorbance of heat 
energy.

Twenty-two schools were enrolled at the start of the 2006–2007 
school year. Data were systematically collected from all partici-
pants during the following three time periods: baseline (from 
August 8, 2006, through September 29, 2006) before intervention 
activities took place at the specific school, after the intervention 
was implemented at the school (November 30, 2006, through 
March 15, 2007), and again in the spring (March 27, 2007, through 
May 22, 2007).

Child’s Sun Protection Behavior Survey
The Child’s Sun Protection Behavior Survey was a 13-item self-
administered instrument designed to assess the frequency with 
which children used various sun protection methods at school and 
at home. The questions asked about use of long-sleeve shirts, hats, 
sunscreen, and sunglasses and clarified the type of hat worn (wide-
brimmed vs other types) if hat use was reported. The main out-
come assessed with this survey was the child’s use of wide-brimmed 
hats when not at school. This question was worded, “When you 
were outside playing this weekend or after school, how often did 
you wear a wide-brimmed hat?” Possible answers were as follows: 
1 = “Never”; 2 = “Rarely”; 3 = “Sometimes”; 4 = “Often”; and 5 = 
“Always.” This question has been previously validated as a measure 
of children’s hat use (21). In addition to the sun protection 
measure, each student completed a brief demographic survey.

Direct Observation of Hat Use
The primary outcome of the study, hat use at school, was measured 
by direct observation. Four research assistants underwent stan-
dardized training in direct observation of hat use at school. 
Research assistants first underwent a 60-minute training session in 
which wide-brimmed hats were defined (ie, a hat with at least a 
2-inch brim covering the circumference of the hat) and differenti-
ated from other hats and other forms of head coverings. Each 
research assistant was then trained in a standardized method of 
assessing the number of students who were observed in an outdoor 
school setting and the number observed who were wearing wide-
brimmed and other hats. Research assistants used a handheld 
counter to facilitate measurement. To assess reliability of measure-
ment, all four research assistants conducted measurements simul-
taneously with the project director. There was perfect agreement 
between measures taken by the project director and all four 
research assistants in regard to observed hat use.

Assessment of hat use at schools was based on the principles of 
valid measurement of sun protection behavior, as described by 
Milne et al. (41,42). Research assistants used listings of outdoor 
scheduled activities to schedule their observation sessions to 
measure hat use among fourth-grade students from each class and 
school during each of the three data collection periods. For each 
school, the data collection sessions were at least 8 weeks apart. 

Research assistants chose inconspicuous vantage points to ensure 
that student and teacher behaviors were not influenced by the 
measurement process. Research assistants recorded the following 
data at each observation session: 1) the total number of students 
observed, 2) the number of students observed wearing any type of 
hat, and 3) the number of students wearing wide-brimmed hats. In 
addition, ambient conditions during the outdoor activity (time of 
day, temperature, cloud cover, wind speed, and amount of shading) 
were assessed by each researcher as described previously (21,43).

DermaSpectrometer Measures
We hypothesized that use of hats at school would result in less 
pronounced sun-induced physiological changes in children’s skin. 
In an exploratory fashion, we conducted an interim analysis of the 
impact of the intervention on skin pigmentation among a conve-
nience sample of students who agreed to undergo additional mea-
surements (skin pigment assessment and nevi counts) for a 2-year 
period. We recruited a minimum of 15 students at each school by 
asking for volunteers (no incentives were used) who were willing to 
participate in this portion of the study, and a total of 378 students 
(178 in the intervention group and 200 in the control group) 
agreed to participate, with 280 (74.1%) completing all three mea-
surements in the first year. For each student, measurements of skin 
pigmentation were assessed at baseline (August 8, 2006, through 
September 29, 2006), midyear (November 30, 2006, through 
March 15, 2007), and again in spring (March 27, 2007, through May 
22, 2007). We compared changes in each subject’s skin pigmentation 
over the course of the study, so that each subject served as his or 
her own control.

We fitted the generalized linear mixed models (to account for 
clustered data) separately for each intervention group to determine 
whether or not demographic characteristics differed among stu-
dents who participated in this part of the study compared with 
those who did not. Students who volunteered were found to be 
similar to those who did not volunteer with regard to age (P = .5 
for both the intervention and control groups), sex (P = .9 for the 
intervention group and P = .1 for the control group), and race (P = .6 
for the intervention group and P = .98 for the control group).

All measures of skin pigmentation were made with a 
DermaSpectrometer (Cortex Technology, Hadsund, Denmark). 
The DermaSpectrometer measures light reflectance at two narrow 
wavelength bands corresponding to skin erythema (568 nm) and 
melanin content (655 nm). The DermaSpectrometer then calcu-
lates an erythema and melanin index, each ranging from 0% to 
100%. DermaSpectrometers have been compared with colorime-
ters and both provide similar estimates of skin melanin pigmenta-
tion (44,45).

We assessed skin pigmentation at a child’s forehead as a repre-
sentative anatomical site that would be protected by hat use. We 
initially used a pilot test to measure skin pigmentation on 49 
fourth-grade students. In the pilot study, we first assessed skin 
pigmentation at the center of the forehead (just above the glabella) 
and to the right and left of center. Measures at these three sites 
were highly correlated (correlation coefficients center-right = .96, 
center-left = .97, and left-right = .95). Consequently, we selected 
the center forehead reading as the single standard measurement 
site. We next confirmed the test–retest reliability of skin pigment 
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measurement by repeating measurements 1 week apart and calcu-
lating the interreliability coefficient (correlation coefficient = .86), 
as described previously by Shrout and Fleiss (46). We also con-
firmed the interrater reliability of our methods by comparing 
measurements taken simultaneously by the project director and 
research assistants (correlation coefficient = .98).

Statistical Analysis
To determine if participating schools were representative of all 
Hillsborough County schools, we compared characteristics of 
schools that participated in the study with schools that did not 
participate in the study. To ensure comparability of intervention 
and control arms, we compared baseline characteristics between 
the intervention schools and control schools. Comparisons were 
made by use of the Fisher exact test for categorical data, the 
Wilcoxon rank sum test for continuous data at the school level, and 
the general or generalized linear mixed model for comparisons at 
the student level by taking into account the cluster randomized 
trial design. The rate of hat use and its 95% confidence interval 
were estimated for each intervention and assessment period by use 
of the exact binomial distribution.

We examined two endpoints regarding hat use: directly observed 
hat use at schools and self-reported hat use outside of schools. 
Both outcomes were measured in each of the following three pe-
riods: baseline (late August to early September), late fall to early 
winter, and early spring. The clustered design in which schools 
rather than students were randomly assigned to an intervention 
was accounted for in the generalized linear mixed model. Allocation 
arm (intervention vs control), date of data collection (represented 
by a linear or quadratic term), and their interaction were included 
as fixed effects in the generalized linear mixed model. Multiple 
random effects were also included in the model: the school-specific 
mean intercepts and slopes (schools were nested within the inter-
vention arm) with random variation among the students.

The random effects were assumed to be independent and dis-
tributed as normal distributions. For self-reported hat use, an ad-
ditional random effect was included to allow for correlation among 
repeated observations taken on the same student over data collec-
tion rounds, with compound symmetry structure. Several fixed 
covariates were tested in multivariable models as confounding 
factors (eg, age, sex, race, and school uniform policy). After check-
ing the distribution of the normality assumption, the pigmentation 
changes were analyzed by use of a generalized linear mixed model 
for a subset of the students. In addition, pigmentation changes 
were analyzed by subgroups defined a priori (lighter-skinned vs 
darker-skinned children).

The intraclass correlation coefficient (ICC) was estimated by 
use of the covariance parameters that were estimated from the 
generalized linear mixed models. For binary data, the estimates 
were unscaled by use of the average value of the response variable 
because the estimates of variance were in the logit scale. The 
statistical analysis was conducted with SAS version 9.1 (SAS Inc, 
Cary, NC). We used the MIXED procedure for normally distrib-
uted continuous data and the GLIMMIX procedure with the logit 
link function for binary data. To adjust the small number of 
degrees of freedom in mixed models, the method of Kenward 
and Roger (47) was used. All P values were from two-sided  

Table 1. Comparison of intervention schools with control schools 
among the 22 study participant schools

Characteristic
Control school  

(n = 11)
Intervention 

school (n = 11) P

School uniform policy, No. (%)
  Yes 7 (53.9) 6 (46.2)
  No 1 (33.3) 2 (66.7)
  Voluntary 3 (50.0) 3 (50.0) 1.0*
School location, No. (%)
  Metropolitan 7 (46.7) 8 (53.3)
  Nonmetropolitan 4 (57.1) 3 (42.9) 1.0*
School type, No. (%)
  Public 10 (52.6) 9 (47.4)
  Magnet or charter 1 (33.3) 2 (66.7) 1.0*
Racial composition†, %
  White 50.1 39.1 .4‡
  Nonwhite 49.9 60.4 .4‡
Household income of school’s zip code§, %
  <$10 000–$14 999 11.5 19.5 >.05‡
  $15 000–$24 999 11.7 14.7 .1‡
  $25 000–$34 999 13.2 12.3 1.0‡
  $35 000–$49 999 17.9 15.7 .2‡
  $50 000–$74 999 22.2 17.0 .03‡
  ≥$75 000 23.8 20.8 >.05‡
Mean enrollment, No. (SD)

712 (194) 615 (323) .1‡

*	 Two-sided Fisher exact test.

†	 Racial composition was self-reported by the participating student.

‡	 Two-sided Wilcoxon rank sum test.

§	 Information was obtained for each participating school at www.census.gov.

statistical tests and were claimed as being statistically significant at 
a level of .05.

The required sample size was determined with a method that 
takes into account the intraclass correlation coefficient, the 
expected effect size, and the power of the study. We assumed an 
intraclass correlation coefficient of .02 and a minimum difference 
of wearing a hat outdoors (self-report) between the two arms of 
10% (control arm = 10% and intervention arm = 20%). Under 
these assumptions, we anticipated a power of 80% to detect the 
difference of 10% between the two arms at a statistical significance 
level of .025 with 10 schools (the average number of fourth-grade 
students per school was assumed to be 50) for each intervention 
arm, so that the total included 1000 students. Although the sample 
justification was based on the self-reported hat use outside of 
school, we expected that the statistical power for the observed hat 
use would exceed 80% power, given the resultant sample size.

Results
Characteristics of the 22 participating schools are reported in 
Table 1 by use of information from the 2000 US Census Bureau 
(48). There were no statistically significant differences in school or 
student demographic characteristics between intervention and 
control schools. We also compared the 22 participating schools 
with nonparticipating schools in the Hillsborough County School 
System. There were no differences in school uniform policy, 
metropolitan vs rural location, size of student population, race or 
ethnicity of the student population, or census-reported median 
household income of the school’s zip code.



jnci.oxfordjournals.org  	 JNCI | Articles 489

The primary study outcome (ie, directly observed hat use at 
school) is reported in Table 2. Hat use remained unchanged at 
control schools but increased statistically significantly at interven-
tion schools (for control schools, baseline = 2%, fall = 0%, and 
spring = 1%; and for intervention schools, baseline = 2%, fall = 
30%, and spring = 41%; P < .001 for intervention effect comparing 
the change in rate of hat use over time at intervention vs control 
schools and ICC = .003). Results were similar when wide-brimmed 
hat use was assessed (for control schools, baseline = 0%, fall = 0%, 
and spring 0%; and for intervention schools, baseline = 0%, fall = 
25%, and spring = 41%; P < .001 for intervention effect comparing 
the change in rate of hat use over time at intervention vs control 
schools). Hat use varied considerably among intervention schools; 
in the spring assessment period, hat use ranged from a low of 19.1% 
(26 using hats of 136 total students) to a high of 74.6% (53 using 
hats of 71 total students). Similar results were obtained in multivar-
iable analyses that controlled for potential differences in baseline 
characteristics of students and schools and that adjusted for differ-
ences in ambient conditions during measurement sessions.

The use of wide-brimmed hats that was self-reported by 
students outside of school is shown in Table 2. In general, the rates 
of self-reported use of hats outside of school were low for all stu-
dents (intervention schools range = 9.1%–44.9% and control 
schools range = 6.9%–34.3%). However, in all three data collec-
tion periods, intervention students were more likely to report use 
of wide-brimmed hats than were control students. Self-reported 
use of hats outside of school did not change statistically signifi-
cantly during the study (control: baseline = 14%, fall = 14%, and 
spring = 11%; intervention: baseline = 24%, fall = 24%, and spring 
= 23%). Relative to control students, use of wide-brimmed hats 
outside of school increased slightly, but not statistically  
significantly, over the course of the study (with adjustments of the 
cluster randomized trial design, baseline odds ratio [OR] = 2.1, 
95% confidence interval [CI] = 1.3 to 3.2; fall OR =2.1, 95% CI = 
1.2 to 3.7; spring OR = 2.5, 95% CI = 1.5 to 4.4; P = .47 for the 
intervention). It is important to note that odds ratios overestimate 
actual rate ratios when outcomes are frequent.

We found similar results in multivariable analyses that adjusted 
for potential baseline differences in student and school character-
istics (P = .8 for the intervention effect and ICC = .0002). We also 

considered the potential impact of school withdrawals on our 
results. In a sensitivity analysis of our primary outcome (directly 
observed hat use), we assigned missing schools the mean values of 
the opposite randomization arm (ie, a withdrawn intervention 
school was assigned the mean value for control schools and vice 
versa). There was no substantial impact on our findings.

In an exploratory fashion, we assessed changes in skin pigmen-
tation among a subgroup of 378 students (178 in the intervention 
group and 200 in the control group). For each subject, we recorded 
the change in skin pigmentation during the following three assess-
ment periods: baseline to fall, fall to spring, and baseline to spring 
(Figure 2). Among this subgroup, changes in skin pigmentation 
were similar between control and intervention students. On the 
basis of the a priori hypothesis, we also stratified our analysis by 
baseline skin pigmentation. Among children with lighter skin at 
baseline, no statistically significant differences in skin pigmenta-
tion were found between intervention and control students.

Discussion
The Sun Protection of Florida’s Children intervention increased 
use of wide-brimmed hats at school statistically significantly 
among fourth-grade students at targeted school by the end of the 
first year, from no hat use at baseline to 42% of students at inter-
vention schools. However, students at intervention schools had no 
measurable change in skin pigmentation over the course of the 
study, and the intervention had no apparent effect on use of hats 
outside of school.

Previous studies have attempted to change sun protection 
behaviors in school settings. A multicomponent intervention tar-
geting primary schools in Australia, for example, increased the use 
of wide-brimmed hats (49,24–26). Other school-based interven-
tions have been less successful in changing sun protection behav-
iors (50–54). A determinant of successful strategies may be both 
the intensity and duration of the intervention. Interventions 
relying on single sessions with students have generally not proven 
successful at modifying sun protection behaviors at school (36,50). 
Studies (36,49) that were similar to this study and that intervened 
with students over the course of the school year have proven more 
successful.

Table 2. Hat use among intervention and control schools*

Rate of hat use

Baseline Fall Spring P†

Observed rate‡, % (95% CI§)    <.001
  Control school 1.7 (1.0 to 2.7) 0.3 (0.1 to 0.8) 1.1 (0.6 to 1.8)
  Intervention school 2.0 (1.1 to 3.1) 29.5 (26.3 to 32.8) 40.5 (37.2 to 43.8)
Self-reported rate║,% (95% CI§)    .47
  Control school 13.5 (11.5 to 15.7) 14.3 (12.1 to 16.7) 10.5 (8.6 to 12.7)
  Intervention school 24.3 (21.5 to 27.4) 24.0 (20.1 to 27.6) 22. 9 (19.5 to 26.5)

*	 CI = confidence interval.

†	 The P value for testing the intervention effect across time from GLIMMIX model. The random coefficient from the GLIMMIX model accounted for a nested 
cross-sectional design from the cluster randomized trial, in which the linear time trend (baseline, fall, and spring) was treated as a continuous covariate.

‡	 Any type of hat use observed.

§	 The 95% CIs were calculated by use of the exact binomial distribution.

║	 The self-reported rate was measured for a wide-brimmed hat use outside at school.
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The effects of the Sun Protection of Florida’s Children inter-
vention were variable across schools, with some showing little 
change and others showing 75% adoption of hat use at school. The 
variation in effect did not appear to be the result of school struc-
ture, student demographics, or metropolitan vs nonmetropolitan 
school setting. Our interactions with schools suggested other 
possible explanations for the variability in observed hat use at the 
intervention schools. First, although schools were similar in regard 
to geographic location and school uniform requirements, they had 
very different organizational climates. During the first year of our 
intervention, there were no changes in school leadership; all prin-
cipals remained and participated for the full first year. Although 
there were no new principals during the intervention, principals 
had variable levels of tenure at their schools and variable levels of 
commitment to the project. We found anecdotally that teachers 
who did not fully embrace the importance of sun protection during 
childhood as a means of preventing skin damage were less likely to 
encourage their students to wear a hat when outside. Differential 
interest and familiarity with the project may also have accounted 
for some of the variability in student hat use among intervention 
schools.

Second, although official policies governing schools are set at 
the district level, principals and teachers may interpret and imple-
ment these policies quite disparately at each school. For example, 
the School District of Hillsborough County had no official policy 
that prevented students from wearing a wide-brimmed hat when 
outside at school. However, some principals and teachers, when 
asked to describe their individual school policies governing hat use, 
gave responses that were different from the official district policy. 
Although our team routinely reminded both principals and 
teachers of the official school district policy, it is possible that the 
various rates of hat use resulted in part from differing under-
standing and interpretation of policy by school officials.

Although the intervention successfully increased use of hats 
at school, there was no effect on self-reported hat use outside of 
school. There are several possible explanations for this finding. 
First, intervention schools had statistically significantly higher self-
reported hat use at the start of the study. Although hat use was 
assessed before formal intervention activities took place at schools, 
it is possible that teachers (who were aware of the study) influenced 
students before baseline measurements were conducted. Also, in-
tervention activities were primarily targeted at schools and may 
not have been sufficiently intense regarding other settings. The 
theoretical model underpinning the intervention indicates that hat 
use outside of school would depend on whether students viewed 
wearing wide-brimmed hats as a normative behavior among family 
and friends and perceived that they are able to wear hats under 
many different conditions. Consequently, future interventions 
may need to more intensely target parents, siblings, and friends to 
accomplish this goal.

This study has several limitations that should be considered 
when interpreting its results. First, we used a multicomponent in-
tervention and it was not possible to ascertain the relative impor-
tance of each component. Second, we were not able to independently 
verify students’ reported use of hats outside of school settings. We 
assessed skin pigmentation changes among a convenience sample 
of student volunteers, who may not be representative of all partic-
ipants. Also, our analysis of pigment changes was exploratory and 
our sample size was not adequately powered to definitively test this 
outcome. Finally, this intervention targeted fourth-grade students 
in Florida elementary schools and, therefore, our strategies might 
not be successful in other grade levels or settings.

This study was successful in encouraging elementary school 
students to wear a wide-brimmed hat when at school during the 
first year of follow-up. Results from the second year of follow-up 
will be reported separately when available and should allow us to 

Figure 2. Changes in skin pigmentation among intervention and control 
students from baseline to fall, fall to spring, and baseline to spring. 
Pigmentation was assessed by use of a DermaSpectrometer on a sub-
group of 378 students (178 in the intervention group and 200 in the 
control group) during the three assessment periods throughout a 
school year. We assessed skin pigmentation at a child’s forehead as a 
representative anatomical site that would be protected by hat use. An 

increase in the DermaSpectrometer readings denotes an increase in 
melanin, resulting in darkening of the skin. Lighter-skinned students are 
students with a baseline DermaSpectrometer reading (range = 0–100) 
that was less than or equal to the median of 20 in the control group and 
the intervention group. Darker-skinned students were students with a 
baseline DermaSpectrometer reading (range = 0–100) that is greater 
than the median of 20 in the control arm and the intervention arm.
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determine whether intervention effects can be sustained and 
whether sun protection altered the development of new nevi.

Future studies should consider the following suggestions. First, 
we believe principals and, especially, teachers play a critical role in 
school-based interventions and should be targeted as an integral 
determinant of success. Convincing principals and teachers to 
model targeted sun protection behaviors will help persuade stu-
dents of the importance of sun protection while outdoors. Future 
studies should incorporate fidelity measures to gauge the extent to 
which teachers and principals are modeling hat use behaviors by 
asking teachers and principals to self-report their use of sun pro-
tection behaviors. It may also be appropriate to ask students to 
report on the frequency of teacher and principal hat use at school 
or to measure such behavior by direct observation. Capturing this 
information may allow researchers to assess the extent to which the 
intervention is actually changing school culture.

Second, to improve hat use when students are not at school, in-
tervention strategies must target parents more intensely than did the 
Sun Protection of Florida’s Children project. Strategies to convince 
parents to model targeted behaviors should be a component of 
future sun protection projects. Future studies should also consider 
enlisting the help of parent organizations and organizations that 
provide services to children (eg, scouts, athletic teams, and after-
school programs) as a means of reinforcing these important health 
behaviors when students are not at school. To capture appropriate 
role modeling of sun protection behaviors, it may also be helpful to 
assess parent hat use by self-report or the report of their children.

In addition, future interventions should attempt to assist stu-
dents in developing higher perceived behavioral control for hat use 
outside of school under a variety of circumstances (eg, wearing a 
hat during sporting events, wearing a hat while at the beach, or 
wearing a hat among peers). Finally, our project strictly targeted 
fourth-grade students. Future studies should consider implement-
ing a school-wide intervention in which hat use can be embedded 
into the culture and become an expected behavior of all students.
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